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Introduction
Fractures of the distal radius are extremely common injuries; they are treated non-operatively if the bone fragments can be held in anatomical alignment by a plaster cast or orthotic. However, if this is not possible then surgical fixation is required. Surgery may provide functional benefits, but carries a risk of complications for the patients and considerable expense for the healthcare system; much of that expense is related to the choice of fixation.
The two most common forms of surgical treatment for dorsally displaced fractures are K-wire fixation and locking-plate fixation. In the last five years, there has been a rapid rise in the use of locking-plates despite the additional cost of the implants (Mellstrand-Navarro et al., 2014). This change in practice was predominantly based upon the results of single-centre trials which suggested that locking-plates provide improved radiological and/or functional outcomes We present the health economic evaluation from a multi-centre randomised controlled trial of Kwire fixation versus locking-plate fixation in the treatment of adult patients with a dorsally displaced fracture of the distal radius; UK DRAFFT.
Patients and methods
Intervention and sample
Patients were eligible for the trial if they were 18 years or over, with a dorsally displaced fracture of the distal radius, within 3 cm of the radio-carpal joint. The only other inclusion criterion was that the treating surgeon believed that the patient would benefit from surgical fixation of the fracture. Further details of the protocol are reported elsewhere (Costa et al., 2011) . The primary outcome measure was the Patient Rated Wrist Evaluation (PRWE) (MacDermid et al., 1998) . The clinical analysis concluded that this trial showed no difference in functional outcome between K-wires and volar locking-plates for patients with dorsally displaced fractures of the distal radius (Costa et al., 2014) .
Perspective
We assessed the cost-effectiveness of locking-plate fixation versus K-wire fixation for the treatment of distal radial fractures from the NHS perspective and from a societal perspective.
The NHS perspective considers only resources used within the NHS setting; the societal perspective additionally considers private costs including time-off work due to the treatment. All costs were adjusted to 2012 prices using the CCEMG-EPPI Centre Cost Converter (CCEMG-EPPI, 2013). The analysis uses the within-trial period (twelve months following the injury), discounting for the future cost and health outcome was not necessary. The currency used was the pound sterling (£).
Quality of life
Patient's health-related quality of life was assessed using the EQ-5D-3L questionnaire (Brooks et al., 2005) pre-injury, at baseline, 3, 6 and 12 months. Changes in EQ-5D scores were evaluated using two-sample t-tests to explore any important differences in the follow-up points within the time frame of the trial. In line with the NICE reference case (NICE, 2008) the primary outcome for the economic evaluation was quality-adjusted life years (QALYs). Patient responses to the EQ-5D questionnaire at each time point were converted to QALYs using the standard UK tariff values (Dolan, 1997) and "an area under the curve approach". Average QALYs between adjacent time points were calculated to generate smoothed estimates between those time points.
Resource use and valuation
The total cost of each arm of the trial was calculated combining the reported resource usage over the 12 month follow up and unit cost data along with the initial surgery cost.
Patients reported resource usage within the trial at 3, 6 and 12 months. For the 3 month data, the recall period was since discharge from hospital. For the other cases, it was since the last questionnaire was due to be completed. The questionnaires included number of further inpatient stays following the initial operation; number of outpatient, primary and community care visits, use of aids and adaptations and medication use. Patients also reported use of personal social services related to their treatment including number of weeks of frozen/hot meals on wheels, and laundry services.
Resource usage figures were converted into costs using unit cost figures from the PSSRU Costs of Health and Social Care 2012 (Curtis, 2012 ) and the Department of Health's Reference Costs (Department of Health, 2013) . In Appendix, Table A1 presents the summary of health care use collected and associated unit costs.
Further inpatient care following the initial operation was costed as Minimal Elbow and Lower Arm Procedures for Non-Trauma except if surgical hand complications like metal removal or debridement were reported at 6-week follow-up, where inpatient stay was costed for Trauma.
Unit costs for medications were obtained from the British National Formulary ((BNF), 2013) and the NHS Electronic Drug Tariff (Wales, 2013) . Patients reported details for medications that were taken within the three budgetary periods (discharge to 3 months, 3-6 months, and 6-12 months). Total medication costs were then calculated using the average cost per dose for each product. Table A2 shows all the unit costs for the drugs that were reported in the trial.
Unit costs for aids and adaptations were taken from the website http://www.mobilitysmart.cc/, which supplies the NHS. Patients reported any equipment that they had used to protect their injury or make their daily life easier to manage. Reported aids and adaptations and unit prices are available in Table A3 .
The initial fixation surgery cost was based on the initial hospital stay and the operative cost. The cost of the initial distal radial fracture fixation surgery was assessed using NHS reference costs and HRG cost for Minor Elbow and Lower Arm Procedures for Trauma. Costs for the initial operative period were identified for each patient using the average length of stay as reported in the patient records for the primary surgery. They were assumed to be £1,375.34 for a day case or £1,983.39 for overnight admission. Excess bed day costs were used when patient experienced a length of stay beyond the average reported length of stay. For example, the cost to NHS was £1,375.34 if a patient was discharged the same day, £1,983.39 if the patient was referred to overnight hospital care at least one night but no more than the average length of stay; extra bed day costs (based on a bed day cost of £278.07) were added if a patient stayed more than the average length of stay. This cost was taken to include all expenditures incurred prior to discharge, including any items provided to patients before departure. The operative costs for both locking plate and K-wire fixations were provided by the University Hospitals of Coventry and Warwickshire (UHCW) finance department, these included implant costs and consumables and are reported in Table A4 .
Productivity and private costs
Cost from the societal perspective were calculated by combining loss of earnings due to work absence, private costs such as treatments within private settings and out-of-pocket expenses incurred as a result of the wrist surgery, and reported use of personal social services related to the treatment. Personal social services included number of weeks of frozen/hot meals on wheels, laundry services, and number of visits of carers and social workers. Unit costs were assigned using PSSRU and information from Centres of Personal Social Services; they are reported in Table A5 .
Patients reported their time off work in days or in terms of lost income at every collection point.
A human capital approach was used to generate the cost of lost productivity per day using the gross median weekly pay rate for full-time employees from the Office for National Statistics (£506, April 2012) divided by five.
Missing data
The mean total costs per patient from a NHS perspective was calculated adding the cost of inpatient stay, outpatient visit, consultations, medication, equipment, and intervention costs for all patients where response data were available. Respondents who failed to complete individual items of the EQ-5D were not allocated a utility index score. From the overall sample, missing data represented 7.07%. The complete data analysis was based on 278 patients. For those cases in which either resource usage or quality of life data was unavailable, we addressed missingness using multiple imputations via chained equations (Little and Rubin, 2002 ) assuming missing at random and using STATA 12. Missing cost data were predicted in terms of QALYs, treatment received, length of stay, age, gender, job status, patient's self-reported health status, PRWE score, and Disability of the Arm, Shoulder and Hand score. Missing QALYs data were predicted in terms of this same list (excluding QALYs), plus each of the cost items. In order to remove implausible data, missing cost data were constrained to be positive. A total of 10 imputations were created to stabilise the results. The reported cost-effectiveness results were synthesized based on all imputed datasets.
Cost-effectiveness analysis
The within-trial analysis aimed to determine the intervention that would maximise health outcomes within (1) the limited NHS budget and (2) within a societal perspective over the 12-month trial follow up. It adopted an intention-to-treat perspective and consisted in a cost-utility analysis examining the cost per QALY gained for all patients. Descriptive statistics of costs and EQ-5D scores were initially undertaken and parametric tests conducted to evaluate any important differences in the end points within the time frame of the trial. Incremental costeffectiveness ratios (ICER) were then calculated dividing the average difference in cost between the two arms by the average difference in QALYs between the two arms.
The ICER represents the additional cost per one unit of outcome gained. This indicates the tradeoff between total costs and effectiveness when choosing between volar locking-plate fixation and K-wire fixation. When compared against the marginal trade-off for the NHS as a whole this gives an indication of whether spending additional money on volar locking-plate fixation appears efficient. As a guideline rule, the National Institute for Health and Care Excellence considers as cost-effective an intervention with an ICER of less than £20,000 per QALY and generally states that an intervention costing more than £30,000 per QALY is not considered cost-effective.
The nonparametric bootstrapping approach with replacement was used to determine the level of sampling uncertainty around the ICER; the bootstrap consists in resampling from the original sample to create multiple random samples and generate 10,000 estimates of incremental costs and benefits. The uncertainty in the ICER was presented using cost-effectiveness acceptability curves (CEACs) illustrating the probability that each treatment is cost-effective in relation to the comparative intervention, as a function of the willingness-to-pay (Ramsay et al., 2001) .
A number of univariate sensitivity analyses were conducted. To evaluate the impact of missing data, a complete case analysis was conducted where only those participants with no missing data were analysed. We then separated the analysis according to age (above or below 50 years) as age was used as a stratification factor in the trial to balance differences in bone density between younger and older patients; the two age groups are assumed to present different types of fractures (high and low energy fractures) and so the impact of the fixation was expected to differ by age. Finally, adjusted cost-effectiveness analyses were also undertaken using baseline covariates including age, gender, and EQ-5D scores.
Results
Trial recruitment
From January 2011 through July 2012, 461 patients were randomised (K-wire=230; lockingplate=231). One patient in the locking-plate arm of the study did not provide any quality of life data and so was excluded from the analysis. Table 1 details the EQ-5D scores at pre-injury, baseline, 3, 6 and 12 months when missing values were imputed. Both groups showed increasing EQ-5D scores from baseline to the last follow-up point. The most important increase was observed between baseline and 3 month; doubling the baseline EQ-5D score in both arms. It was noted that patients at 12 months had not recovered an EQ-5D score equivalent to their pre-injury EQ-5D score. The average total QALYs over the 12 months was marginally higher in the locking-plate arm (0.742) than in the K-wire arm (0.734). There were no significant differences between EQ-5D scores at baseline for the two treatment arms.
Quality of life
Health care resource usage
Resource use was broadly comparable between the two treatments (Table A6 ). Patients were frequent users of physiotherapy outpatient visits (6.9 visits over the 12 months) and reported on average 3.6 visits in radiology and 3.6 visits in orthopaedics. Visits to the GP and nurses were infrequent. Patients reported using a wrist brace or splint. In terms of medications, we noted that paracetamol tablets were the most reported medications in the questionnaire.
Costs
The mean total NHS resource use costs were respectively £3,385 for K-wires and £4,288 for volar locking-plate and were significantly higher for volar locking-plate (+£903) ( Table 2) . Lost earnings and productivity losses to employers through sickness absences appeared higher in the K-wire arm, but the difference was not significant. Overall societal costs were on average £48 higher in the K-wire arm.
Cost-effectiveness and sensitivity analyses
The results suggested that volar locking-plate was more expensive than K-wires with an incremental cost of £726.46 and had higher, albeit small, QALY gains. Differences in QALY gains were 0.008 QALYs (which is equivalent to an extra three days of perfect health per year) between groups. We graphically represented the uncertainty of these estimates; Figure 1 showed that all the points were above the x-axis, indicating that the volar locking-plate was more costly, and more points were to the right of the y-axis, indicating that volar locking-plate produced more QALYs. The points in the plane lay in the area e where there is a trade-off between effect and cost: additional health benefit can be obtained but at higher cost. The ICER of locking-plate versus K-wires equalled £89,322 per QALY and under these circumstances, locking-plate could not be considered cost-effective as its ICER was above the NICE £20k-£30k per QALY range.
The CEAC is presented in Figure 2 with a range of willingness-to-pay (WTP) thresholds values.
The probability of locking-plate fixation to be cost-effective was very low; at a WTP threshold of £20,000 per QALYs it was nil and only raised to 3% at a threshold of £30,000.
Within most of the sensitivity analyses undertaken here, the ICER appeared to remain above the £20k-£30k per QALY range (Table 3) even with the adjusted analysis that showed a lower incremental cost for a similar incremental QALYs gain both in the NHS and the societal perspectives. In the sample of patients aged more than 50, the evaluation suggested that patients who were treated with a locking-plate fixation gained 0.018 QALYs more than those treated with a K-wire fixation at an increased cost of £629 per patient, yielding an incremental costeffectiveness ratio of £35,323 per QALY. In the sample of patients aged less than 50, lockingplate fixation was associated with lower benefits and higher costs than K-wires fixation, and so locking-plate fixation appeared to be dominated for this subgroup of individuals.
Discussion
In comparison with K-wires, locking-plate fixation did not show clinically relevant differences in QALY gain within the first 12 months from surgery. However, locking-plate fixation did present greater costs; these were largely driven by the higher cost of the initial surgery (£818.26 vs. £54.23). This incremental cost was not offset against a decrease in health care resource use or savings in lost productivity during the 12 months follow-up after discharge. The incremental cost of locking-plate fixation from an NHS perspective was £726 and £581 from a societal perspective.
The base-case analysis found an incremental QALY gain to favour locking-plate fixation but the difference was very small 0.008 (95% CI: -0.001 to 0.018) and the confidence intervals excluded QALY gain values whereby locking-plates would be a cost-effective intervention. A back-ofthe-envelope-calculation yields that a net QALY gain of at least 0.036 would be required for the incremental cost of £726 to provide cost-effectiveness at a willingness-to-pay of £30,000 per QALY. The locking-plates would have had to provide very much greater QALY gains for the NHS to consider paying the extra cost of the implants. The high ICER and the low probability of locking-plate fixation to be cost-effective for a £20k-£30k willingness-to-pay threshold demonstrated that locking-plate fixation is not cost-effective. This result is robust to sensitivity analysis and stochastic bootstrapping.
The results showed that EQ-5D score was a suitable measure of health utility for this population and was sensitive to distal radius fracture and fixation as there were important changes in the . However, in the absence of randomised control trials comparing surgical options for the management of distal radial fractures, the cost-effectiveness of distal fracture fixations had never been fully explored. This is a particularly pertinent issue, since the current trend in surgical practice is towards the increasing use of the more expensive lockingplate fixation.
The main limitation of the trial is that it was not possible to blind either the surgeons or the patients to the study treatments. It is important to underline that we used here a 'conservative' estimate of the cost of initial surgery: this did not take into account the extra theatre operating time required for the locking-plate fixation: 31 min for wires and 66 min for plates. It is likely that a micro-costing analysis of the initial surgery in each arm could lead to even higher costs differences.
In conclusion, K-wire fixation is a 'cost saving' intervention being substantially less expensive than locking-plate fixation and locking-plates fixation showing minimal difference in health benefits. 
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